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Ethnopharmacological relevance: Garcinia brasiliensis, a plant native to the Brazilian Amazon Rainforest, is
used in traditional medicine to treat inﬂammation of the urinary tract, peptic ulcers, arthritis and other
conditions.
Aim of the study: The purposes of this study were to analyze the chemical constituents of G. brasiliensis
branches and leaves and to evaluate the potential of isolated compounds to act as inhibitors of both the
oxidative burst of stimulated neutrophils and oxidative damage in human erythrocyte membranes to
verify the antioxidant and anti-inﬂammatory effects of this plant.
Materials and methods: Neutrophils were isolated from the blood of healthy donors by Ficoll–Paque
density gradient centrifugation. Superoxide anion and total reactive oxygen species (ROS) produced by
stimulated neutrophils were measured by WST-1 reduction and luminol-enhanced chemiluminescence
assays, respectively. Radical-induced lipoperoxidation and hemolysis were performed using erythrocytes
from the blood of healthy donors. Compounds were isolated from G. brasiliensis branches and leaves by
HPLC microfractionation, and structure elucidation of the isolated compounds was performed based on
NMR and HR-MS analyses.
Results: The biﬂavonoids procyanidin, fukugetin, amentoﬂavone and podocarpusﬂavone isolated from G.
brasiliensis showed potent inhibitory effects on the oxidative burst of human neutrophils, inhibiting ROS
production by 50% at 1 μmol L1. These biﬂavonoids also proved to be potent inhibitors of hemolysis
(with 8877% inhibition at 50 mmol L1 for procyanidin) and lipid peroxidation in human erythrocytes,
with a malondialdehyde level (a biomarker of oxidative stress) of 8.570.3 nmol/mg Hb at 50 mmol L1
for procyanidin.
Conclusions: These ﬁndings indicate that the biﬂavonoids extracted from G. brasiliensis branches and
leaves modulate oxidative stress via inhibition of NADPH oxidase and ROS production by stimulated
human neutrophils. Furthermore, the biﬂavonoids exhibited potent inhibition of oxidant hemolysis and
lipid peroxidation induced by AAPH in human erythrocytes. Therefore, these studies suggest the use of G.
brasiliensis extract as an antioxidant and anti-inﬂammatory agent.
& 2015 Elsevier Ireland Ltd. All rights reserved.1. Introduction
Garcinia brasiliensis (synonym: Rheedia brasiliensis), a plant
native to the Amazon Rainforest of Brazil, grows throughout Brazil
and is known locally as “bacupari”. In traditional Brazilianrved.
eraik),medicine, the leaves of G. brasiliensis are used to treat tumors,
inﬂammation of the urinary tract, peptic ulcers, and arthritis as
well as to relieve pain (Corrêa, 1978).
Although this species is widely used in traditional medicine,
the scientiﬁc correlation between the chemical constituents of the
leaves and branches and their pharmacological activities remains
poorly reported in the literature. Recent ﬁndings include the
identiﬁcation of anti-inﬂammatory factors and the anti-nocicep-
tive potential of an ethanolic extract of G. brasiliensis, which can be
attributed to phenolic compounds such as fukugiside, fukugetin A,
guttiferone A and 7-epiclusianone (Santa-Cecília et al., 2011).
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has been shown to have many useful medicinal and biological
properties (Corrêa et al., 2009). Other phytochemicals include the
biﬂavonoids volkensiﬂavone and fukugetin, present in methanol
root extracts of G. brasiliensis (Botta et al., 1984), and the bi-
ﬂavonoids morelloﬂavone-4‴-O-β-D-glycosyl, fukugiside and
morelloﬂavone, isolated from an ethyl acetate extract of the fruit
epicarps of this species (Gontijo et al., 2012). These biﬂavonoids
demonstrate anti-inﬂammatory (Castardo et al., 2008), anti-
bacterial, antitrypanosomal (Assis et al., 2013), antioxidant, leish-
manicidal, antiproteolytic (Gontijo et al., 2012) and antic-
arcinogenic activities (Mercader and Pomilio, 2013).
It is well established that the uncontrolled production of re-
active oxygen species (ROS) is involved in the genesis and pro-
gression of numerous diseases due to oxidative damage to biolo-
gical targets, including proteins, enzymes, lipids and DNA (Babior,
2000). In this respect, erythrocyte hemolysis has been used as an
ex vivo model for studying the ROS-induced disruption of cell
membranes and the protective effect of antioxidants (Ximenes
et al., 2010). Other ex vivo models used to assess the potential
beneﬁts of natural antioxidants and anti-inﬂammatory com-
pounds include assays based on the inhibition of ROS produced by
activated leukocytes and NADPH inhibition, respectively (Zeraik
et al., 2012b).
On the basis of past reports and our continuing research in-
terest in natural antioxidant and anti-inﬂammatory compounds
from Brazilian ﬂora, we isolated four biﬂavonoids, procyanidin (1),
fukugetin (3), amentoﬂavone (5) and podocarpusﬂavone (6), in
addition to the benzophenone garcinol (2) and gallic acid (4) from
the extract of G. brasiliensis leaves. Furthermore, compounds 2, 3, 5
and 6 were also found in extracts from the branches of G. brasi-
liensis. This is the ﬁrst report of the identiﬁcation of compounds 1,
2, 5 and 6 in this species. The structures of the isolated compounds
were determined using NMR and HR-MS analyses, and triterpenes
and steroids were identiﬁed using GC-FID analysis of hexane ex-
tracts of G. brasiliensis branches and leaves. We then evaluated the
activity of biﬂavonoids isolated from G. brasiliensis branches and
leaves and their effects on oxidative burst (PMA-stimulated neu-
trophils) and oxidative damage (to erythrocyte membranes) as
well as the consequent inhibition of NADPH oxidase. This study
provides additional scientiﬁc support for the use of G. brasiliensis
in traditional Brazilian medicine for the treatment of inﬂammatory
diseases.2. Materials and methods
2.1. Chemicals and equipment
2,2′-Azobis(2-amidinopropane) hydrochloride (AAPH), 2,2-di-
phenyl-1-picrylhydrazyl (DPPH), zymosan, phorbol 12-myristate
13-acetate (PMA), thiobarbituric acid (TBA), trichloroacetic acid
(TCA), 3,3′,5,5′-tetramethylbenzidine (TMB), luminol, tung oil, Brij
35, dimethyl sulfoxide (DMSO), Histopaques-1077, and Histopa-
ques-1119 were purchased from Sigma-Aldrich Chemical Co. (St.
Louis, MO, USA). 2-(4-Iodophenyl)-3-(4-nitrophenyl)-5-(2,4-dis-
ulfophenyl)-2H-tetrazolium monosodium salt (WST-1) was pur-
chased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). All
solutions were prepared with water puriﬁed using a Milli-Q sys-
tem (Millipore, Bedford, MA, USA). All reagents used for buffer
preparation and mobile phases were of analytical grade. The op-
tical rotations were measured using a Jasco P-1020 polarimeter
(Jasco, Easton, MD, USA) with a quartz tube (length 10 cm). The UV
spectra were recorded using an HPLC system equipped with a
photodiode array detector, model SPD-M20A (Shimadzu Lab So-
lutions, Kioto, Japan). The NMR spectroscopic analyses wereperformed using a 500 MHz and 300 MHz Varian Inova spectro-
meter (Varian, Palo Alto, CA, USA). The chemical shifts are reported
in parts per million (δ) using the residual CD3OD signal (δH 3.31;
δC 49.0) or DMSO-d6 signal (δH 2.50; δC 39.5) as internal stan-
dards for 1H and 13C NMR, and the coupling constants (J) are re-
ported in Hz. The complete assignment was based on 2D NMR
experiments (COSY, TOCSY, NOESY, edited-HSQC and HMBC).
2.2. Plant material
G. brasiliensis (Clusiaceae) (synonym R. brasiliensis) branches
and leaves were collected in Assis, Sao Paulo, Brazil, in February
2008 by Edivaldo Furlan and identiﬁed by Professor Giselda Dur-
igan from Floresta Estadual de Assis, SP, Brazil. The voucher spe-
cimen FEA number 3548 was deposited in the Herbarium of
Floresta Estadual, Assis, Sao Paulo, Brazil.
2.3. Extraction and isolation
The dried, powdered branches (61.6 g) and leaves (277.6 g) of G.
brasiliensis were exhaustively extracted by sonication with hexane
followed by ethanol at room temperature. The extracts were ﬁl-
tered, and the solvents were removed by evaporation under re-
duced pressure at 40 °C using a Buchi rotavapor R-114 to yield dry
extracts of leaves in hexane (LH), leaves in ethanol (LE), branches
in hexane (BH) and branches in ethanol (BE). LE (14.4 g) and BE
(2.8 g) extracts were dissolved in MeOH:H2O (9:1) and succes-
sively subjected to liquid–liquid extraction with n-hexane, ethyl
acetate and n-butanol. The fractions were then concentrated using
a SpeedVac RVT4104. The ethyl acetate fraction of the leaves
(2.2 g) was separated on a Sephadex LH-20 (25–100 mm) Sigma-
Aldrich Chemical Co. (St. Louis, MO, USA) (210 cm3.5 cm) col-
umn and eluted with MeOH for 24 h. The separation yielded 60
fractions, which were monitored using HPLC-UV and LC–MS.
2.4. HPLC-UV, LC–MS and GC-FID analyses
HPLC-UV/PDA analyses were carried out using a Shimadzu LC-
20A system connected to a photodiode array detector (SPD-M20A
model, Shimadzu Lab Solutions, Kioto, Japan). The separation was
performed using a Phenomenex Luna C18 column as the stationary
phase (250 mm4.6 mm i.d.; 5.0 mm, Torrance, CA, USA). The
solvent system was a mixture of H2O (A) and MeOH (B), both with
0.1% formic acid and a linear gradient of 5–100% B for 60 min. The
samples (10.0 mg mL1) were injected automatically (20.0 mL) at a
ﬂow rate of 1.0 mL min1. The chromatogram was monitored si-
multaneously at 254, 280 and 366 nm, and the UV spectra of in-
dividual peaks were recorded in the range of 200–400 nm.
LC-PDA-MS and LC–MS/MS data were obtained with an Agilent
1100 series system consisting of an auto sampler, a high-pressure
mixing pump and a PAD detector connected to an LCQ Fleet ion
trap mass spectrometer (Thermo Scientiﬁc, CA, USA) equipped
with an electrospray interface (ESI). The column and the chro-
matographic conditions were the same as those used for the HPLC-
UV/PDA analysis. The sample concentration was 1.0 mg mL1 in
MeOH, and the injection volume was 20 mL. The LC efﬂuent was
split using a T-splitter to produce a ﬂow of 0.2 mL min1. The ESI-
MS conditions consisted of a capillary voltage of 40 V, a capillary
temperature of 270 °C, a source voltage of 4.5 kV, a source current
of 80 mA, nitrogen as the sheath gas ﬂow, and negative ion mode.
GC-FID analyses of the G. brasiliensis leaf and branch extracts of
were performed using a Varian CP 3800 machine with an SPB
5 column (30 m0.25 mm0.25 mm) and an inner coating of
phenyl-methylpolysiloxane. The air ﬂow rate was 371 mL min1,
and the hydrogen gas ﬂow rate was 33 mL min1. Nitrogen was
used as the carrier gas at a ﬂow rate of 35 mL min1 and
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260 °C; the ﬂame ionization detector (FID) temperature was
310 °C. The split injection mode (50:1) was used with the fol-
lowing GC temperatures: 250 °C for 12 min followed by a tem-
perature increase of 6 ºC min1 to 280 ºC, which was maintained
for 30 min. The total GC-FID run time was 47 min.
2.5. Determination of total phenolic content
The total phenol content of the G. brasiliensis leaf extract was
determined using the Folin–Ciocalteu method, with some mod-
iﬁcations (Singleton et al., 1999). Solutions of dried extracts in
methanol were prepared at a concentration of 0.25 mg mL1.
Aliquots (0.5 mL) of these solutions were added to 1.0 mL 10% (v/v)
aqueous Folin–Ciocalteu reagent and 1.6 mL 7.5% (w/v) aqueous
Na2CO3. The mixtures were kept in the dark at room temperature
for 30 min, and the absorbance was measured at 760 nm using an
Ultraspec 2100 Pro UV–vis spectrophotometer (Amersham Bios-
ciences, Cambridge, U.K.). The concentration of total phenolic
compounds was calculated using an analytical curve traced with
gallic acid (GA) in methanol (0.5–0.03 mg mL1). The results are
expressed as grams of gallic acid equivalents (GAE)/100 g of the
extract, and the values are presented as the means of triplicate
analyses.
2.6. Determination of total ﬂavonoid content
The total ﬂavonoid content was analyzed according to the
modiﬁed aluminum chloride method (Kalia et al., 2008). Quercetin
was used as a standard in the analytical curve, with ﬁve points
ranging from 0.125 to 0.03 mg mL1 in methanol. Solutions of the
dried extracts were prepared at a concentration of 1.0 mg mL1 in
methanol. An aliquot (1.0 mL) of standard or sample solution was
added to 1.0 mL of 2% (w/v) AlCl3 solution. After incubation at
room temperature for 10 min at 25 °C, the absorbance of the re-
action mixture relative to the blank was measured at 415 nm using
an Ultraspec 2100 Pro UV–vis spectrophotometer (Amersham
Biosciences, Cambridge, U.K.). All analyses were performed in tri-
plicate. The total ﬂavonoid content was determined as quercetin
equivalents (mg quercetin/100 g extract).
2.7. Antioxidant assays
2.7.1. DPPH scavenging assay
The DPPH method reported by Brand-Williams et al. (1995)
with some modiﬁcations (Ferreira et al., 2012) was used to eval-
uate the antioxidant capacity of the G. brasiliensis leaf extract and
the isolated biﬂavonoids. A 200 mL aliquot of methanol extract at
various concentrations (1.67 mg mL1–66.7 mg mL1) was added to
3.0 mL DPPH methanol solution (5 104 mol L1), and the mix-
ture was incubated in the dark for 15 min at room temperature.
The same procedure was carried out with methanol solutions of
rutin (positive control). Scavenging activity was evaluated spec-
trophotometrically at 517 nm using a microplate reader (Synergy
2 Multi-Mode, BioTek, USA). The absorbance of the unreacted
DPPH radical was used as the control. The scavenging activity was
calculated using the formula [(absorbance of control – absorbance
of sample)/absorbance of control]100. The assays were carried
out in triplicate, and the results are expressed as the rutin
equivalent value.
2.7.2. Superoxide anion scavenging assay
Superoxide anion radicals (O2) generated by the xanthine/
xanthine oxidase system (X/XO) were studied using the reduction
of the tetrazolium salt WST-1 to produce a soluble formazan salt
(Tan, & Berridge, 2000). The tested compounds (10 μmol L-1 and 1μmol L-1) were incubated at 37°C in PBS with 500 mmol L-1 WST-1
and 100 mmol L-1 xanthine. Quercetin was used as a positive
control. Superoxide anion production was initiated with the ad-
dition of 0.05 unit mL-1 xanthine oxidase, and the reduction of
WST-1 was measured spectrophotometrically at 450 nm for
15 min at 37°C using a microplate reader (Synergy 2 Multi-Mode,
BioTek, USA).
2.7.3. Peroxyl radical scavenging assay: conjugated autoxidizable
triene assay (CAT)
The peroxyl radical (ROO) scavenging capacity of the bi-
ﬂavonoids isolated from G. brasiliensis leaves was evaluated using
the conjugated autoxidizable triene (CAT) assay described by La-
guerre et al. (2008), with modiﬁcations (Petrônio et al., 2013). An
emulsion was prepared by mixing tung oil (2.5 mg, not stripped of
tocopherols) in 10 mM phosphate-buffered saline pH 7.4 (PBS,
25 mL) containing 17 μM Brij 35. The solution was vortexed to
produce a homogeneous emulsion. The reactions were performed
in 96-well microtiter plates. A 50 μL aliquot of the tung oil sus-
pension was incubated with 1 mmol L1 AAPH (source of peroxyl
radical) in PBS at 37 °C in the absence (control) or presence of the
biﬂavonoids and tested for 3 h. The ﬁnal reaction volume was
200 μL. The reactions were shaken for 5 s at 5 min intervals before
absorbance measurements at 273 nm using a microplate reader
(Synergy 2 Multi-Mode, BioTek). Quercetin was used as a positive
control. The degradation of triene (eleostearic acid present in tung
oil) produced an absorbance versus time curve for which the area
under the curve (AUC) was calculated. The curves (AUCsample –
AUCcontrol) were plotted against the concentration of the tested
compounds, and their slopes were used as an analytical parameter
corresponding to their relative potency as a scavenger of peroxyl
radicals. Because the tested compounds were also able to absorb at
273 nm, their absorbances were subtracted from the total absor-
bances of the mixtures.
2.8. Ex vivo assays
2.8.1. Isolation of human neutrophils and erythrocytes
Blood samples were collected from healthy volunteers ac-
cording to the protocol approved by São Paulo State University
Ethics Committee, UNESP, São Paulo, Brazil (CEP/FCF-UNESP no.
29/2011). Neutrophils were isolated using Histopaque (1.119 and
1.077 g mL1) density gradient centrifugation at 700 g for
30 min at 20 °C (English and Andersen, 1974). After isolation, cells
were resuspended in 10 mmol L1 PBS (pH 7.4) supplemented
with 140 mmol L1 NaCl, 1 mmol L1 CaCl2, 0.5 mmol L1 MgCl2
and 1 mg mL1 glucose. The cells were used within 4 h after iso-
lation. Each experiment was repeated at least three times with
different cell batches. Human erythrocytes were isolated by cen-
trifugation at 770 g for 10 min and washed three times with PBS
at pH 7.4. The supernatant was removed by aspiration after each
wash. The cells were then resuspended to 20% (v/v) in PBS.
2.8.2. Measurement of ROS production by stimulated neutrophils
Total ROS production by stimulated neutrophils was measured
using luminol-dependent chemiluminescence assays (Kitagawa
et al., 2003). Neutrophil suspensions (1106 cells mL1) were
incubated with each biﬂavonoid solution (at ﬁnal concentration of
100, 10 or 1 μmol L1) for 30 min at 37 °C in supplemented PBS.
After incubation, luminol (10 μmol L1) was added, and the re-
action was initiated by the addition of opsonized zymosan
(1.0 mg mL1). The enhanced chemiluminescence responses of
luminol to opsonize zymosan were measured using a luminometer
microplate reader (Synergy 2 Multi-Mode, BioTek, USA). Quercetin
was used as a positive control. The inhibitory potency was calcu-
lated by accounting for the light emission generated by the
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tested compounds.
2.8.3. Measurement of superoxide anion radical produced by sti-
mulated neutrophils
The superoxide production of stimulated neutrophils was
measured using sulfonated tetrazolium salt (WST-1) according to a
previously described method (Tan and Berridge, 2000), with
modiﬁcations (Zeraik et al., 2012b). This method involves the re-
duction of the tetrazolium salt WST-1 by superoxide, producing
soluble formazan. Neutrophil suspensions (1 106 cells mL1) were
incubated in PBS supplemented with the test compounds (at a
ﬁnal concentration of 100, 10 or 1 μmol L1) for 15 min at 37 °C.
After incubation, WST-1 (500 mmol L1) and PMA (100 nmol L1)
were added, and the reduction of WST-1 was measured spectro-
photometrically at 450 nm for 30 min at 37 °C using a microplate
reader (Synergy 2 Multi-Mode, BioTek). Quercetin was used as a
positive control. The percent inhibition was calculated using the
absorbance of the control sample, in which the PMA-activated
cells were incubated in the absence of the tested compounds.
2.8.4. Measurement of the chlorination activity of myeloperoxidase
(MPO) produced by stimulated neutrophils
The chlorination activity of MPO by neutrophils was de-
termined based on reaction of the HOCl produced with taurine to
produce taurine chloramines, which oxidize TMB (Malle et al.,
2007). In this procedure described by Zeraik et al. (2012b), MPO
and H2O2 are released by PMA-stimulated neutrophils. Neutrophil
suspensions (1106 cells mL1) were pre-incubated at 37 °C for
15 min in PBS supplemented with 10 mmol L1 taurine and the
test compounds. After pre-incubation, the cells were stimulated by
the addition of PMA (100 nmol L1) and incubated for an addi-
tional 30 min at 37 °C to release MPO and H2O2. The reactions
were stopped by adding catalase (30 mg mL1) and were then
centrifuged (200 g, 5 min, 20 °C). The supernatants (200 μL)
were transferred to a 96-well microtiter plate, and 50 μL of TMB
(14 mmol L1) was added. The production of taurine chloramine
was quantiﬁed spectrophotometrically at 655 nm using a micro-
plate reader (Synergy 2 Multi-Mode, BioTek, USA). 5-Fluoro-
tryptamine was used as a positive control. The production of
taurine chloramine in the absence of the tested compounds
(control) was used to calculate the percent inhibition.
2.8.5. Hemolysis assays with human erythrocytes
Hemolysis studies were performed using erythrocytes from the
blood of healthy donors according to the method described by Xi-
menes et al. (2010), with minor modiﬁcations. Erythrocyte hemolysis
was performed using AAPH as the free radical initiator. A 30% ery-
throcyte suspension (500 mL) was incubated with an equal amount of
AAPH (100 mmol L1) in PBS. The suspension was shaken gently
during incubation for 6 h at 37 °C (blood tube rotator). Aliquots
(75 μL) were removed at regular intervals, diluted 1:20 with PBS, and
centrifuged at 4000 rpm for 10 min. The absorbance of the resulting
supernatant was measured at 540 nm using a UV-1240 spectro-
photometer (Shimadzu, Japan). The degree of hemolysis was mea-
sured using reference values (100% hemolysis) determined for similar
aliquots of erythrocytes that were diluted in distilled water instead of
PBS to provoke complete lysis. A 10 μL aliquot of each tested com-
pound in DMSO was added at the beginning of the reaction. The
positive control (with AAPH) was added to the same volume of
DMSO (10 μL), and the negative control was performed under the
same conditions without AAPH (with the addition of PBS).
2.8.6. Measurement of lipid peroxidation in erythrocyte membranes
Membrane lipid peroxidation was determined using a thio-
barbituric acid (TBA) assay according to the method described byWang et al. (2009). Malondialdehyde (MDA), an end product of
lipid peroxidation, was determined for erythrocytes from the
blood of healthy donors induced by AAPH in the presence or
absence of biﬂavonoids. The color generated by the reaction of TBA
with MDA was spectrophotometrically measured. The erythrocyte
suspension and AAPH mixture (obtained of hemolysis assay)
(2.0 mL) was diluted to 5 mL with PBS, and then 2.5 mL of this
suspension was added to 1 mL 28% (w/v) trichloroacetic acid (TCA)
solution with vigorous mixing. After centrifugation at 2100 g for
15 min, the supernatant (2 mL) was separated and reacted with
2.5 mL 1% TBA for 15 min in a boiling water bath. The solution
was then cooled at room temperature, and its absorbance was
measured using a UV-1240 spectrophotometer (Shimadzu, Japan)
at 532 nm. For the control assays, the tested compounds
were replaced with the corresponding volume of DMSO under
identical conditions. The MDA values for the erythrocytes were
determined from the standard curve, and the values are presented
as nmol/mg Hb.3. Results and discussion
3.1. Phytochemical analyses of G. brasiliensis leaf and branch
extracts
Several studies have shown that ﬂavonoids contribute sig-
niﬁcantly to the antioxidant and anti-inﬂammatory activities of
many plants used in traditional medicine (Kim et al., 2004; Zeraik
et al., 2011). The interest in polyphenols, particularly ﬂavonoids, is
due to their great abundance in the human diet and their role in
preventing various diseases associated with oxidative stress (Ur-
quiaga and Leighton, 2000). In our phytochemical screening of G.
brasiliensis branches and leaves, we found that ethanol, n-hexane,
ethyl acetate and n-butanol fraction extracts contain a signiﬁcant
amount of total phenolic compounds and ﬂavonoids. These results
were consistent with the potent antioxidant capacity shown by
the extracts (Table 1). The amount of extractable total phenolic
compounds and ﬂavonoids was higher in the leaf extracts (LE)
compared with the branch extracts (BE) (Table 1). The EtOAc ex-
tracts (LEE and BEE) contained high amounts of ﬂavonoids free of
fatty acids, whereas ﬂavonoids with fatty acids were found in high
amounts in the hexane fractions.
A preliminary analysis of the extracts using TLC-UV showed
several phenolic spots in the BE and BEE fractions, including
strongly yellow ﬂuorescent spots visualized after derivatization
with the NP/PEG reagent, which is an indication of the pre-
dominance of ﬂavonoids (Wagner et al., 1996; Zeraik et al., 2012a).
Therefore, to obtain more information on the chemical composi-
tion of the BE and LEE extracts, HPLC-PDA-ESI-MS analyses were
performed (Fig. 1).
The HPLC-UV/PAD analysis of LEE and BE showed ﬁve and three
characteristic ﬂavonoid peaks, respectively (Fig. 1). The ﬂavonoid
peaks were identiﬁed by their characteristic UV spectral pattern,
Band I, λmax at approximately 300–380 nm, and Band II, λmax at
approximately 240–280 nm (Mabry et al., 1970).
Based on the molecular weights deduced from the LC–MS
proﬁling of the extract, most of the compounds were identiﬁed as
polyphenols. The MS data, recorded in negative ion mode,
showed characteristic fragment ions of ﬂavones. Gallic acid was
also found using the negative ion mass spectra with [M–H] at
m/z 169 and the fragment [M–H–CO2] at m/z 125 (Mämmelä
et al., 2000). These UV and MS data, however, were not sufﬁcient
for an unambiguous identiﬁcation of phenolic compounds. Thus,
to fully characterize these compounds and assess their biological
activities, the ethyl acetate extract was fractionated using liquid
chromatography.
Table 1
Concentration of total phenolic compounds, total ﬂavonoids and antiradical capacity of G. brasiliensis branch and leaf extracts.
Extract Code Total phenolicsa (mg gallic acid /100 mg) Total ﬂavonoidsa (mg quercetin /100 mg) %DPPḢ scavengera (mg rutin/100 g extract)
Branches ethanol BE 9.2272.10 23.2770.55 1.0970.01
Branches hexane BEH 23.3670.61 29.2070.82 0.2770.02
Branches EtOAc BEE 25.9170.52 73.6473.41 0.9870.01
Branches butanol BEB 37.5071.60 7.40571.02 0.9470.01
Leaves ethanol LE 28.0670.40 24.8670.62 0.9870.02
Leaves hexane LEH 17.1970.60 45.2870.61 0.5270.02
Leaves EtOAc LEE 28.2670.55 21.5870.51 1.0570.01
Leaves butanol LEB 28.2670.40 9.3170.40 1.0070.01
a The values shown are the means7standard deviations obtained from three independent experiments.
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liensis leaves and branches
To isolate active compounds present in G. brasiliensis leaf ex-
tracts, LEE was chromatographed on a Sephadex LH-20 column and
eluted with MeOH to yield 60 fractions. The fractions were analyzed
using HPLC-UV/PAD, and those with similar chemical proﬁles were
combined to yield 8 major fractions that were then subjected to
HPLC/UV puriﬁcation. The structures of the phenolic compounds in
G. brasiliensis were elucidated using 2D NMR and LC–MS analyses.
The retention times, absorbance spectra (UV), MS fragmentation
patterns and NMR data of the isolated compounds were compared,
conﬁrming the presence of compounds 1–6 (Fig. 2); their presence
was also conﬁrmed by co-elution with authentic standards.
Fraction C yielded the compound identiﬁed as peak 1 in the
HPLC chromatogram (Rt¼21.94 min), which was identiﬁed as
procyanidin (1) (240 mg) (Liu et al., 2010) on the basis of its re-
tention time, comparison with an authentic standard, and MSFig. 1. HPLC-PDA-ESI-MS analyses of ethyl acetate leaf (A) anspectrum showing an epicatechin trimer moiety (m/z 865) and a
single-charged dimer (m/z 577). The 13C NMR analysis showed a
characteristic signal for ketal carbon at 100.4 ppm and a qua-
ternary carbon at 104.5 ppm, suggesting a double interﬂavonoid
linkage and higher conformational stability associated with well-
resolved NMR spectra (Steynberg et al., 1997).
Fraction F yielded the compound identiﬁed as peak 2 in the
HPLC chromatogram (Rt¼25.56 min), which was identiﬁed as
garcinol (2) (130 mg) (Padhye et al., 2009) on the basis of its re-
tention time, comparison with a standard sample, NMR data and
MS spectrum showing a molecular ion at m/z 602 [M–H] .
Fraction G yielded the compound identiﬁed as peak 3 in the
HPLC chromatogram (Rt¼27.91 min), which was identiﬁed as fu-
kugetin (3) (120 mg) (Santa-Cecília et al., 2011) on the basis of its
NMR data and MS spectrum with a molecular ion at m/z 555
[M–H] .
Fraction I yielded compounds identiﬁed as peaks 4 and 5 in the
HPLC chromatogram (Rt¼28.96 min; Rt¼33.91 min), which wered ethanol branch (B) extracts from Garcinia brasiliensis.
Fig. 2. Compounds identiﬁed in branch and leaf extracts from Garcinia brasiliensis: procyanidin (1), garcinol (2), fukugetin (3), gallic acid (4), amentoﬂavone (5) and
podocarpusﬂavone (6).
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amentoﬂavone (5) (120 mg) (Carbonezi et al., 2007) on the basis of
retention time, comparison with authentic standard samples, NMR
data and MS/MS analysis, revealing the presence of a negatively
charged molecular ion ([M–H]) at m/z 169 (gallic acid) that was
further fragmented to produce a secondary fragment ion (MS2) at
m/z 125. The molecular ion [M–H] at m/z 537 was associated
with amentoﬂavone. The determination of a common C3–C8-in-
terﬂavonoid linkage (amentoﬂavone type) between the ﬂavonoid
moieties was based on the analysis of 1H and 13C NMR data from
previous studies (Del Rio et al., 2004).
Fraction L yielded the compound identiﬁed as peak 6 in the
HPLC chromatogram (Rt¼37.67 min), which was identiﬁed as po-
docarpusﬂavone (6) (80 mg) (Del Rio et al., 2004) based on NMR
data and MS data, which included the molecular ion peak at m/z
522 [M–H] .
The BE extract was analyzed using HPLC-PDA-ESI-MS, and
comparison of the retention times and UV spectra with authentic
standard samples allowed dereplication of the compounds garci-
nol (2), fukugetin (3), amentoﬂavone (5) and podocarpusﬂavone
(6). The analyses of REE revealed garcinol as the major constituent.
The structures of the compounds identiﬁed in the LEE and BE
extracts are shown in Fig. 2.
The hexane extracts of the branches and leaves of G. brasiliensis
were also examined using GC-FID. Triterpenes and sterols were
found in both the BH and LH extracts: stigmasterol, β-amyrinone
and α-amyrin, stigmasterol and β- amyrinone were detected in LH,
whereas lupeol and taraxerol were only detected in BH. A quan-
titative analysis using GC-FID showed that the amount of α-amyrin
was 9.8% and 0.08% in BH and LH, respectively.
3.3. Effect of biﬂavonoids as scavengers of DPPH O2 and ROO
The antioxidant capacities of the compounds isolated from the
branches and leaves of G. brasiliensis were evaluated based on
their abilities to scavenge the free radicals DPPH, superoxide
anion and peroxyl radical. These methods are based on different
antioxidant mechanisms under variable conditions, reﬂecting the
multifunctional properties of antioxidants in both physiologically
and food-related oxidative processes (Müller et al., 2011; Zeraik
et al., 2012a,b).The biﬂavonoids isolated from G. brasiliensis showed high an-
tioxidant capacities in the DPPH assay, with the following in-
hibitory concentrations: 1 (EC50¼10.070.1 mg mL1), 3 (IC50
¼6.070.1 mg mL1), 5 (IC50¼11.070.1 mg mL1) and 6 (IC50
¼5.070.1 mg mL1), with best results for 3 and 6 when compared
with rutin (IC50¼4.570.1 mg mL1). These results demonstrated
that the radical scavenging activities were due to direct reduction
via electron transfer and/or radical quenching via hydrogen atom
transfer stabilizing the radical DPPH. This hypothesis is reinforced
by the presence of catechol and unsaturated α,β-carbonyl groups
in these biﬂavonoids, which play a determinant role in increasing
antioxidant activity (Jan et al., 2010).
The biﬂavonoids exhibited moderate active in the superoxide
anion radical assay (50% inhibition 410 μmol L1), with inhibi-
tion percentages of 1 (28%), 3 (42%), 5 (37%) and 6 (30%), lower
than that of quercetin (47%) at 10 μmol L1.
The peroxyl radical assay allows for the evaluation of the an-
tioxidant capacity of compounds in heterogeneous systems be-
tween oil and water, thus providing assay conditions that are si-
milar to natural compartmentalized conditions (Laguerre et al.,
2008). In this assay, all biﬂavonoids (1, 3, 5 and 6) had signiﬁcant
scavenging effects on ROO. By scavenging ROO, a delayed
bleaching and a concentration-dependent lag phase were ob-
served after addition of the compounds. The slopes of the curves
plotted using the areas under the curves (AUCs) against the con-
centrations of the compounds are used as analytical parameters
reﬂecting relative potency as a scavenger of peroxyl radicals;
therefore, the higher the slopes of the curves, the higher the an-
tioxidant capacity. The slopes (AUC/concentration) were 31.60
(r2¼0.9535), 39.00 (r2¼0.9659), 35.98 (r2¼0.9673) and 32.41
(r2¼0.9549) for biﬂavonoids 1, 3, 5 and 6, respectively, similar to
that of quercetin 38.97 (r2¼0.9695).
3.4. Cellular studies: effect of biﬂavonoids on neutrophil oxidative
burst
The inhibitory effect of the biﬂavonoids on the total ROS pro-
duced by neutrophils, or directly on NADPH oxidase, and conse-
quently the production of HOCl by these cells might be helpful in
preventing oxidative damage to biomolecules. Such damage is
correlated with tissue injury in several pathologies, including
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Fig. 3. Effects of biﬂavonoids on the total reactive oxygen species (ROS) production by stimulated human neutrophils (A) and superoxide anion (B). The percent inhibition
was calculated versus the control, DMSO, which was set at 100% (mean7SD, n¼3). The different letters denote signiﬁcant differences. One-way Anova and Tukey’s Multiple
Comparison Test (po0.05).
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many inﬂammatory diseases (Simonyi et al., 2010). To study these
potential beneﬁcial properties, luminol chemiluminescence was
initially used in this study to measure the overall ROS production
elicited by stimulating neutrophils. The inhibition of luminol
chemiluminescence in active neutrophils can be mediated by dif-
ferent mechanisms such as the scavenging of generated ROS,
thereby preventing oxidation of the chemiluminescence probes, or
by inhibiting ROS-generating enzymes, such as NADPH oxidase
and MPO (Kabeya et al., 2008). In this regard, biﬂavonoids 1, 3, 5
and 6 were found to be potent inhibitors of the oxidative burst of
PMA-stimulated neutrophils, reaching 50% inhibition at 1 μ
mol L1, which was similar to the values achieved by quercetin
(Fig. 3A).
Next, to characterize the speciﬁc inhibitory mechanism of the
biﬂavonoids on neutrophils, their effect on NADPH oxidase was
also evaluated. For this protocol, the WST-1 assay was used to
measure superoxide production via NADPH oxidase during the
neutrophil oxidative burst. This assay circumvented the limitations
of ferricytochrome c reduction and the drawbacks of other assays
using cell-impermeable WST-1, which has an extremely low
background and a high sensitivity due to its low molecular mass
and the high molar extinction coefﬁcient of reduced formazan (Tan
and Berridge, 2000). Biﬂavonoids 1, 3, 5 and 6 signiﬁcantly in-
hibited the production of O2 at 10 μmol L1, by 6074%,
6076%, 5674% and 6674%, respectively, higher than the in-
hibition by quercetin (1672%) (Fig. 3B). It is worth noting that the
results were not completely related to the inhibition of NADPH
oxidase enzymatic activity. Indeed, the biﬂavonoids could also
scavenge the O2 produced by the enzymatic xanthine/xanthine
oxidase system at 10 μmol L1. Finally, we tested the effects of the
biﬂavonoids on MPO enzymatic activity; however, no inhibition0 1 2 3 4 5 6 7 8
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Fig. 4. Effects of biﬂavonoids on hemolysis (A) and lipid peroxidation of human erythrocy
the tested compounds. Percent inhibition was calculated in comparison to the control (m
and Tukey’s Multiple Comparison Test (po0.05).was observed, even at the highest concentration tested (50 m
mol L1). However, this lack of MPO inhibitory activity was not
unexpected because there is evidence that the catechol and re-
sorcinol moieties, which are the largely responsible for the anti-
oxidant activity of biﬂavonoids, are not able to inhibit the chlor-
ination activity of MPO (Faria et al., 2012). As a partial conclusion,
this study shows that the effect of biﬂavonoids 1, 3, 5 and 6 on
oxidative burst inhibition was due not only to direct ROS inhibition
but also to NADPH oxidase inhibition, demonstrating the action of
these compounds as anti-inﬂammatory agents.
3.5. Cellular studies: effect of biﬂavonoids on erythrocyte lipid
peroxidation
The protective effect of the biﬂavonoids against AAPH-induced
hemolysis (ex vivo model for studying ROS-induced disruption of
cell membranes) and lipid peroxidation in human erythrocytes
was also studied. Hemolysis was triggered by the thermolysis of
AAPH, which generates a low but constant ﬂux of peroxyl radicals
when incubated at 37 °C (Ximenes et al., 2010). The biﬂavonoids
proved to be potent inhibitors of the oxidant hemolysis of ery-
throcytes induced by AAPH at 50 mmol L1, by 8877%, 8576%,
8776% and 8576%, respectively. These values were similar to the
result obtained for quercetin (9375%) (Fig. 4A). Fig. 4A shows the
kinetic proﬁle of the hemolysis induced by AAPH and the protec-
tive effect of biﬂavonoids 1, 3, 5 and 6 and quercetin at 50 m
mol L1. In the absence of AAPH (negative control), the human
erythrocytes incubated at 37 °C remained stable, and little hemo-
lysis was observed after 6 h (1471%).
Biﬂavonoids 1, 3, 5 and 6 were also found to be potent in-
hibitors of the erythrocyte lipid peroxidation induced by AAPH,
the intensity of which was assessed by measuring the formation oftrl
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production by 1, 3, 5 and 6 was similar to that of quercetin,
reaching an MDA level of 8.570.3 nmol/mg Hb at 50 mmol L1 for
compound 1. The MDA level in the control group (with AAPH) was
2275 nmol/mg Hb. The biﬂavonoids suppressed lipid peroxida-
tion in AAPH-treated erythrocytes in a concentration-dependent
manner in the concentration range of 25–50 nmol/mg Hb (Fig. 4B),
and incubation of AAPH-treated cells with biﬂavonoid 1 at 100 m
mol L1 for 6 h reduced the MDA level by 77.3% compared with
the AAPH-treated cells (control). Therefore, the biﬂavonoids iso-
lated from G. brasiliensis branches and leaves exhibited not only
high inhibition of erythrocyte membrane lipid peroxidation
(ex vivo assay) but also high peroxyl radical scavenging capacity (in
vitro assay). Such results might be associated to their speciﬁc
structural features, which include the presence of catechol moi-
eties in compounds 1 and 3, and the extended conjugation
through the B ring and the α,β-conjugated carbonyl system of the
ﬂavone unit present in compounds 3, 5 and 6, and demonstrate
their strong potential as pharmacological antioxidants.4. Conclusion
Phytochemical analysis of the leaves and branches of G. brasi-
liensis, a species native to the Amazon Rainforest of Brazil used in
traditional medicine, revealed high concentrations of phenolic
compounds. The biﬂavonoids procyanidin (1), fukugetin (3),
amentoﬂavone (5) and podocarpusﬂavone (6) isolated from G.
brasiliensis showed inhibitory effects on the superoxide anion and
total ROS generated by stimulated human neutrophils, which
could represent a therapeutic strategy for controlling oxidative
stress-related diseases, managing inﬂammation and reducing the
deleterious effects of ROS. Furthermore, the biﬂavonoids exhibited
potent inhibition of the oxidant hemolysis and lipid peroxidation
induced by AAPH in human erythrocytes. Therefore, these studies
demonstrate the anti-inﬂammatory and antioxidant properties of
the compounds present in G. brasiliensis.Conﬂict of interests
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